Synthesis and fungicidal activity of new six-membered cyclic phosphates were examined. Isothymol, thymol and eugenol in the essential oil of Alpinia speciosa K. SCHUM. possess strong antifungal activity against plant pathogenic fungi. 5-Alkyl-2-hydroxybenzaldehydes were prepared by Reimer-Tiemann reaction and reduced with NaBH4 to make 5-alkyl-2-hydroxybenzyl alcohols. 6-Alkyl-2-chloro-4H-1, 3, 2-benzodioxaphosphorin 2-sulfides were prepared by reacting these benzyl alcohols and PSC13. Twenty-one kinds of six-membered cyclic phosphate were synthesized by reacting the 2-chloro derivatives and the components of essential oil. Among the prepared compounds, 6-ethyl-2-phenoxy-4H-1, 3, 2-benzodioxaphosphorin 2-oxide (13) showed the strongest activity, 38. 5% at 10 ppm against Pythium sp. For Corticium rolfsii, 6-isopropyl-2-methoxy-4H-1, 3, 2-benzodioxaphosphorin 2-sulfide (17) showed the strongest activity, 62. 0% at 10 ppm.
INTRODUCTION
Many reports have been published about 1, 3, 2-benzodioxaphosphorins concerning Salithion (2-methoxy-4H-1, 3, 2-benzodioxaphosphorin 2-sulfide), 1-10' but long chain alkyls at exocyclic substituent of these compounds have not been reported as far as antifungal activity is concerned. 4}9' The precedent of methyl, halogen and nitro groups induced on the benzene ring was documented, but the other precedent of the alkyl groups has not been reported. 10' So we tried to synthesize the compound involving ethyl and isopropyl groups on the benzene ring. 1-Heptanol, 1-undecanol, 1-tridecyl alcohol and 1-pentadecanol of long chain alcohols, and citronellol, isothymol, thymol and eugenol components of the essential oil contained in Alpinia speciosa were used as exocyclic substituents. The present paper reports the correlation between the chemical structure of six-membered cyclic phosphates and its antif ungal activity against plant pathogenic fungi.
MATERIALS AND METHODS

Chemicals
The essential oils used were citronellol, isothymol, thymol, eugenol, and phenethyl alcohol, all purchased from Wako Pure Chemical Industries, Co., Ltd. (Tokyo). Other reagents used were of the highest grade commercially available.
Antifungal Test
Pythium sp. and Corticium rolfsii were used as test plant pathogenic fungi. They were cultured in potato dextrose agar (agar 1. 5%) for 5 days at 27C and then tested. Antifungal activity was measured by the agar dilution method used for the previous paper. 11 3 . Thin Layer Chromatography and Instrumental Analysis Each synthesized product was developed with benzene-chloroform (1: 1 v/v) using a pre-coated silica gel glass plate (Kieselgel 60 PF254, 20 X 20 cm, 2.0 mm layer thickness, Merck). The objective compound was detected by ultraviolet light, and extracted by benzene. The filtrate was evaporated in vacuo.
The residue was applied to instrumental analysis. Structures of the compounds were confirmed by IR (Analect RFX-30), 'H NMR and 13C NMR in CDCl3 with tetramethylsilane (TMS) as an internal standard (JEOL JNM-GSX 270).
4. Synthesis of 5 Alkyl-2-hydroxybenzyl Alcohols Sodium hydroxide (80g, 2.0mol) was dissolved in water (80ml) with heat, and 4-ethylphenol (25g, 0.20mol) was added to the aqueous solution at 65C. Chloroform (60g, 0. 50 mol) was added dropwise into the reaction mixture at 65C, and the solution was refluxed at 70C for 2 hr. After the completion of the reaction, the solution was evaporated in vacuo, and acidified by the addition of dilute sulfuric acid. The oily matter was obtained by steam distillation of the acidic solution. The distilland was extracted in petroleum ether. The petroleum ether layer was evaporated in vacuo, and the residue was crystallized in the saturated aqueous sodium hydrogen sulfite solution. The crystal was washed with ethanol and petroleum ether to eliminate the pigment. The colorless crystal obtained was dissolved in dilute sulfuric acid at 70C. The solution was extracted in petroleum ether. The pure 5-ethyl-2-hydroxybenzaldehyde was obtained by the evaporation of the petroleum ether.12) Yield 11. 2 g (36. 4%). IR vm'agt cm-1: 3202 (-OH), 1657 (C=0). 1H NMR 8' TnD3 ppm: 1. 24 (3H, t, J= 7.6 Hz, CH3), 2. 64 (2H, q, J=7.6 Hz, CH2), The 5-ethyl-2-hydroxybenzaldehyde (1. 71 g, 11. 4 mmol) was dissolved in ethanol (50 ml), and the solution was added dropwise into a solution of NaBH4 (3. 45 g, 91. 2 mmol) in ethanol (50 ml). After the reaction mixture was refluxed for 5 hr, it was evaporated in vacuo. Ethyl acetate (100 ml) and water (100 ml) were added to the residue, and the ethyl acetate layer was dried by anhydrous sodium sulfate. The pure 5-ethyl-2-hydroxybenzyl alcohol was obtained by the evaporation of the ethyl acetate. 5. Synthesis of Six-membered Cyclic Phosphates A mixture of 5-ethyl-2-hydroxybenzyl alcohol (0.40g, 2.65 mmol) and triethylamine (1.07 g, 10.6 mmol) in dichloromethane (25 ml) was added dropwise into a stirred solution of thiophosphoryl chloride (0. 45 g, 2. 65 mmol) in dichloromethane (25 ml) at 10C. The reaction mixture was stirred at room temperature for 24 hr. After the completion of the reaction, the solution was evaporated in vacuo. The residue was mixed with benzene (100 ml) and the precipitate was removed by filtration. The filtrate was evaporated in vacuo to give 0. 55 g (83. 5%) of 2-chloro-6-ethyl-4H-1, 3, 2-benzodioxaphosphorin 2-sulfide. 14' Then a mixture of methanol (0.07 g, 2.21 mmol) and triethylamine (0.45 g, 4.42 mmol) in dichloro-methane (25 ml) was added dropwise into a stirred solution of the 2-chloro derivative (0. 55 g, 2. 21 mmol) in dichloromethane (25 ml) at 10°C. After the reaction mixture was stirred at 40°C for 3 hr, it was stirred at room temperature for 18 hr. The mixture was treated by the above mentioned method. The prepared compound was purified by the method described above to give 38.1 mg (7.4%) of 6-ethyl-2-methoxy-4H-1, 3, 2-benzodioxaphosphorin 2-sulfide (12) Other six-membered cyclic phosphates (1-5, 7-11, 14-16, 18-21) were prepared by using the same procedure except 6 and 13. Compounds 6 and 13 were prepared by using phenyl dichlorophosphate instead of thiophosphoryl chloride. Spectral data and yields of compounds are listed in Tables 1 and 2. RESULTS AND DISCUSSION 1. Synthesis o f Six-membered Cyclic Phosphates The 5-alkyl-2-hydroxybenzyl alcohols were reacted with phosphorus thiochloride to make 6 -alkyl-2 -chloro -4H -1, 3, 2 -benzodioxaphosphorin derivatives. 14' The 2-chloro derivatives were reacted with the essential oils citronellol, isothymol, thymol, eugenol, and phenethyl alcohol. Compounds 6 and 13 were synthesized by reacting with 5-alkyl-2-hydroxybenzyl alcohols and phenyl dichlorophosphate. Twenty-one kinds of six-membered cyclic phosphate were prepared and their IR and NMR spectral data are listed in Table 1 . IR spectra of the compounds showed the existence of P=S, P-0, and P-O-C groups. 1H NMR and 13C NMR data showed a similar chemical shift in values of endocyclic methylene on position 4 and aromatic on position 5-8, respectively. The carbon on position 6 of compounds 12-21 was shifted to low magnetic field for its quaternary carbon. 3. Antifungal Activity of Six-membered Cyclic Phosphates Antifungal activity of new six-membered cyclic phosphates against plant pathogenic fungi is listed as growth inhibition % in Table  2 . Against Pythium sp., 6-ethyl-2-phenoxy-4H-1, 3, 2-benzodioxaphosphorin 2-oxide (13) showed the strongest activity, 38.5% at 10 ppm. Against C. rolfsii, 6-isopropyl-2-methoxy-4H-1, 3, 2-benzodioxaphosphorin 2-sulfide (17) showed the strongest activity, 62.0% at 10 ppm. When R1 was proton, compounds having the short alkyl chain showed stronger activity than that of the long alkyl chain, i. e., 2-methoxy derivative (22) showed stronger activity. When Rl was ethyl, 2-methoxy derivative (12) or 2-phenoxy derivative (13) showed stronger activity. When R1 was isopropyl, 2-methoxy derivative (17) showed stronger activity. Among the 2-methoxy derivatives, 6-ethyl-substituted one (12) showed stronger activity against Pythium sp. and 6-isopropyl-substituted one (17) showed stronger activity against C. rolfsii. Isothymol, thymol, and eugenol showed strong activity against Pythium sp, and C. rol f sii, l l' but the synthesized compounds 2, 3, 5, 14, 15, 18, 19, and 21 did not show strong activity. About Salithion and some related compounds, antifungal activity against Pyricularia oryzae was reported. It was documented that Salithion was almost inactive as fungicide but its methanethiol or ethanethiol isomers had stronger fungicidal activity. 8) 7-Methyl-2-methoxy-4H-1, 3, 2-benzodioxaphosphorin 2-sulfide was reported to have stronger insecticidal activity than the 6-or 8-methyl homolog, but this compound was not investigated for antifungal activity. 10) Further studies are necessary to elucidate the correlation between the chemical structure and the antifungal activity of various ring-substituted derivatives to find a stronger active compound.
